A study on crystalline perfection, optical, dielectric, mechanical, laser damage threshold and NLO properties of glycine added potassium dihydrogen phosphate single crystals AIP Conf. Proc. 1447, 511 (2012) Single crystal X-ray diffraction study indicates that the grown crystal crystallized in monoclinic system with space group P2 1 . Crystalline perfection of the crystal has been evaluated by high resolution X-ray diffraction technique and it reveals that the crystal quality is good and free from structural grain boundaries. Mechanical stability of the crystal has been analyzed by Vickers microhardness measurement and it exhibits reverse indentation size effect. Piezoelectric d 33 co-efficient for the crystal has been examined and its value is 47 pC/N. The ferroelectric behaviour of the crystal was analyzed by polarization-electric field hysteresis loop measurement.
INTRODUCTION
Noncentrosymmetric bulk materials are found to possess technologically useful properties such as piezoelectricity, pyroelectricity, ferroelectricity, triboluminescence and nonlinear optical (NLO) function (especially second harmonic generation, SHG), where SHG, piezoelectric, and ferroelectric properties are of particular importance for their practical importance in areas such as telecommunications, optical storage, and information processing as well as mechanical energy transfer [1] . Among noncentrosymmetric crystals, organic nonlinear optical crystals are of great interest for photonic applications because of their high and fast nonlinearities and a wide variety of design possibilities [2] . A number of polar organic NLO crystals have been reported, including meta-nitroaniline (mNA) [3] , 3-methyl-4-methoxy-4′-nitrostilbene (MMONS) [4] , (-)2-(α-methylbenzylamino)-5-nitropyridine (MBA-NP) [5] , 2-cyclooctylamino-5-nitropyridine (COANP) [6] and N-4-nitrophenyl-(L)-prolinol (NPP) [7] .
L-tartaric acid (LTA) is one of the polar organic NLO single crystals. Growth and some characterization studies of LTA crystal have been reported in the literature [8] [9] [10] . It belongs to the monoclinic crystal system with space group P2 1 . The SHG efficiency is 89% compared to that of standard potassium dihydrogen phosphate (KDP) [8] . In this article, we present the growth of LTA single crystals by slow evaporation solution growth technique with controlled evaporation. The grown crystals were characterized by single crystal X-ray diffraction (XRD), high resolution X-ray diffraction (HRXRD), Vickers microhardness, piezoelectric d 33 coefficient and polarization-electric field (P-E) hysteresis loop measurement for investigating the structure, crystalline perfection, microharness, piezoelectric and ferroelectric properties respectively.
CRYSTAL GROWTH
Commercially available LTA (Merck-GR grade) was used for crystal growth processes. The material was purified by recrystallization process (2 times). The saturated solution was prepared at 32 °C using constant temperature water bath (with ±0.1ºC accuracy). The solution temperature was raised to 37 °C to avoid the nucleation during the filtration and maintained at 32 
RESULTS AND DISCUSSION

Single Crystal XRD Study
The single-crystal XRD measurement for the grown crystal was carried out using an Enraf Nonius CAD 4 / MACH with MoK α radiation (λ=0.71073 Å) at 293 K. The lattice parameters of LTA were found to be a = 6.199(3) Å, b = 5.996(2) Å, c = 7.718(2) Å, β = 100.33(3) ° and it is consistant with the earlier report [8] .
HRXRD
The crystalline perfection of LTA crystal was analyzed by PANalytical X'Pert PRO MRD HRXRD system, with Cu Kα 1 radiation. The rocking curve of the crystal for (110) diffraction planes was recorded in symmetrical Bragg geometry using the (100) natural facets by performing an ω scan with triple-axis geometry. The monochromated X-ray beam incident on the specimen was obtained using a hybrid fourbounce Ge (220) monochromator with a parabolic multilayer mirror assembly. The diffracted beam from the specimen was detected using a Xenon detector with a triple-axis analyzer. Figure 2 shows the high-resolution diffraction curve (DC) recorded for LTA specimen. As seen in the figure the DC is quite sharp without any satellite peaks which may otherwise be observed either due to internal structural grain boundaries [11] or due to epitaxial layer which may sometimes form in crystals grown from solution [12] . The full width at half maximum (FWHM) of the diffraction curves is 15 arc sec, which is very close to that expected from the plane wave theory of dynamical X-ray diffraction [13] . The single sharp diffraction curve with very low FWHM indicates that the crystalline perfection is quite good without having any internal structural grain boundaries.
Microhardness Study
As grown surface of (100) of LTA crystal (2 mm thickness) was subjected to Vickers microhardness study by MAT SUZAWA -MMTX 7 series load -B type hardness tester fitted with Vickers pyramidal indenter. The measurements were made at room temperature and the indentation time was kept as 5 s for all loads.
For each load several trials of indentations were carried out and the successive indentations were made at different sites of the plane. When a load of 1, 3, 5, 10, 25, 50 and 100 g was applied on the crystal it was observed that no crack occurred on the crystal. When a load of 200 g was applied on the crystal, the crystal was cracked. It may be due to the release of internal stress generated locally by indentation. The variation of hardness vs. applied load of LTA is shown in Figure 3 . It reveals that the microhardness increases with increasing applied load which exhibits reverse indentation size effect (ISE). 
Piezoelectric Study
The piezoelectric measurement for (100) facet of the grown crystal (2 mm thickness) was carried out using precision piezo meter system PM 300. In order to obtain good electrical contact, both faces of the crystal were coated with silver paste. For piezoelectric measurements, poling conditions were optimized by observing the response of the crystals under different applied electric fields, durations of poling and temperatures. LTA single crystals were poled by applying a field of 5 kV/cm for 30 minutes at ambient temperature. A precision force generator applied a calibrated dynamic force of 0.25 N (frequency of 110 Hz) on the poled crystals which generated a charge and the output was measured from oscilloscope, which gives the d 33 coefficient in units of pC/N. As mentioned above, the LTA crystal belongs to noncentrosymmetric crystal system (space group P2 1 ), which is required for the piezoelectric property. The determined d 33 value for LTA crystal is 47 pC/N, which is higher than glycine phosphate (1.03 pC/N) [14] , urea succinic acid (5.00 pC/N) [15] , triglycine sulfate (conventional) (10.22 pC/N) [16] and glycine picrate (18 pC/N) [17] .
Ferroelectric study
The P-E hysteresis loop measurements for (100) facet of LTA crystal (thickness 2 mm) were carried out using a standard computer controlled Sawyer-Tower P-E hysteresis analyzer at ambient temperature. The opposite faces of the sample were electroded with conducting silver paste. The electroded sample was immersed in an insulating oil to inhibit ionization of air under the electric fields. Higher field was not applied to avoid the damage of the crystal.
LTA crystallizes in the point group C 2 , one of the ten polar point groups (C 1 , C s , C 2 , C 2ν , C 4 , C 4ν , C 3 , C 3ν , C 6 and C 6ν ) required for the ferroelectric property. Figure 4 shows the P-E hysteresis loop of LTA crystal. The relation between the remnant polarization, saturation polarization and polarization at fields above coercive field is given by R sq = P r / P s + P 1.1Ec / P r , where, R sq , P r, P s and P 1.1Ec are the squareness of hysteresis loop, remnant polarization, saturation polarization and polarization at an electric field equal to 1.1 times the coercive field, respectively. From the figure, the value of remnant polarization (P r ) , saturation polarization (P s ) and coercive field (E c ) of LTA crystal were found to be 0.053 µC/cm 2 , 0.133 µC/cm 2 and 3.881 kV/cm respectively.
CONCLUSIONS
LTA single crystals have been grown successfully from slow evaporation solution growth technique. The HRXRD analysis reveals that the crystalline perfection of LTA is quite good without having any internal structural grain boundaries. Polar organic material of LTA single crystal has the combined properties of NLO (SHG) [9] , piezoelectric and ferroelectric properties, which indicate that the single crystal of LTA may be a good candidate for photonic applications. 
